Background: Ectodermal dysplasia represents a disorder group characterised by
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BACKGROUND
Ectodermal Dysplasia (ED) is a genetic condition characterised by dysplasia of two or more structures related to ectodermal embryologic origin (Pinheiro and Freire-Maia 1994) . ED has been related to more than 170 genetic syndromes and occurs in approximately 1 in 100,000 live births (Itin 2013) . Clinically, the patients present abnormalities of the skin, hair, nails, teeth, mucus and sudoriferous glands (Pinheiro and Freire-Maia 1994) . Hypodontia affects around 80% of ED patients and leads to atrophic alveolar ridges and reduced occlusal vertical dimension. In addition, tooth morphological and structural abnormalities are common. Also, ED patients may present with a significant reduction in salivary gland secretion function (Bergendal 2014 ).
Patients with ED require early oral and prosthetic rehabilitation in order not only to repair function and aesthetics, but also to address psychological issues and improve their self-confidence (Hickey and Salter 2006) . An interdisciplinary approach is essential to achieve correct diagnosis and to provide optimal care for the patients and their families (Artopoulou et al. 2009 ).
The prosthodontic rehabilitation of ED patients must be on an individual basis, considering each patient's growth and developmental characteristics. Many treatment approaches have been reported and may include single crowns, fixed partial dentures (FPD), complete dentures (CD), removable partial dentures (RPD), overdentures (OD), and implant retained prostheses. A removable prosthesis is often the treatment of choice for young patients with ED (Pigno et al. 1996; Hickey and Vergo 2001) , and prosthetic rehabilitation with ODs and RPDs has been reported in numerous ED cases with hypodontia (Bonilla et al. 1997; Della Valle et al. 2004; Ioannidou-Marathiotou et al. 2010; Pae et al. 2011) . However, no studies present systematically the factors and guidelines that may assist the decision making process on the most appropriate type of removable prosthesis.
The purpose of this study was to suggest, through two clinical reports, a simple treatment decision-making algorithm for selecting an effective and individualised rehabilitative treatment plan, considering anatomical and developmental parameters.
4
CASE REPORTS
Case 1
History and diagnosis
A 2.5-year-old boy was referred to the Graduate Paediatric Dentistry Clinic at The National and Kapodistrian University of Athens for dental treatment. The patient presented with: hypohidrotic ED, fine sparse hair, scant eyelashes and eyebrows, soft, thin and dry skin, flattened facial appearance, and an aged profile with increased nasolabial fold and pseudo-class III jaw relationship (Fig. 1a) . His medical history also included hypothyroidism and recorded full immunization record. An oral examination revealed hypodontia; four primary maxillary teeth (central incisors and second molars) and six primary mandibular teeth (canines, first and second molars) were present. The maxillary central incisors were conical in shape (Fig. 1b) . Carious lesions were detected in all maxillary and mandibular posterior teeth and his oral hygiene was poor. The right maxillary primary canine was slightly hypoplastic. Upon examination, his temporomandibular joint and mandibular movements appeared to be within normal limits for a paediatric patient. He presented with an increased horizontal and vertical overlap, and bilateral telescopic occlusion. Furthermore, the maxillary posterior and mandibular anterior alveolar ridges were underdeveloped. A panoramic radiograph was obtained at the age of three years revealing absence of eight primary teeth and seventeen permanent teeth germs (Fig. 1c) .
Treatment
The proposed treatment plan included a prescribed preventive programme appropriate to the patient (oral hygiene instructions, topical fluoride application and dietary modification programme), restoration of carious and malformed teeth, fabrication of maxillary and mandibular removable partial dentures and follow-up every three months for caries control and prosthesis adjustments. After completion of his skeletal and dental growth the definitive treatment plan will aim to include orthodontic treatment to favourably position the remaining teeth, and definitive prosthetic rehabilitation.
Following the application of the preventive programme all carious teeth were restored using composite resin (TPH Spectra Universal Composite, Dentsply International).
Maxillary and mandibular impressions were taken using alginate (BluePrint X-creme, Dentsply International). The diagnostic casts were mounted on a semi-adjustable articulator with the use of facebow and centric relation records. A silicone matrix (Lab Putty, Coltène/Whaledent) was fabricated from the diagnostic wax-up and was used for the aesthetic build-up of the central incisors, utilizing the composite resin layering technique (Sakai et al. 2006) . Following the reconstruction of the central incisors, a new maxillary impression using irreversible hydrocolloid was made and a cast was mounted on the same articulator with new centric relation record.
Acrylic denture teeth (Bambino Tooth, Major Prodotti Dentari S.p.A.) were set for proper lip support and proper plane of occlusion. Six wrought wire clasps were placed on the following teeth for retention: maxillary incisors, maxillary second molars and mandibular first molars. Both mandibular and maxillary RPDs were processed in thermally activated acrylic resin (Lucitone 199, Dentsply International). The RPDs were inserted and adjustments were made as needed (Fig. 1d ). The patient was seen again in 24 hours and 1 week for post-insertion follow-ups.
Follow-up
Prosthetic rehabilitation significantly improved the patient's appearance, masticatory efficiency, speech, and swallowing. The young boy tolerated the RPDs very well.
Maintenance, aspiration precautions and oral hygiene instructions were given to the patient and his parents. The patient has been followed up for 3 years with fluoride varnish application every 4 months and adjustments of the RPDs. A new maxillary RPD was fabricated at the age of 6 to accommodate the eruption of the first permanent molars.
Case 2 History and diagnosis
A 4-year-old boy was referred to the Graduate Paediatric Dentistry Clinic, National and Kapodistrian University of Athens for oral rehabilitation. The chief complaint, as stated by the parents, was significant difficulty in chewing and eating due to missing teeth. The patient presented with ED and had a full immunization record.
Extraoral examination showed fine sparse brown hair, slight eyelashes and eyebrows, thin and dry skin, short lower face height, and aged profile. Intraoral clinical 6 examination indicated the presence of all four primary canines and significantly underdeveloped alveolar ridges (Fig. 2a) . All teeth had a conical shape and his oral hygiene was inadequate. Radiographic examination revealed an absence of all other primary teeth and permanent tooth buds.
Treatment
The treatment plan included a preventive programme, consisting of: oral hygiene, topical fluoride application and dietary modification, rehabilitation of dentition using maxillary and mandibular ODs and follow-up every three months for caries control and denture adjustments. After the completion of his growth a definitive treatment with implants and definitive prostheses will be considered.
Following the application of the preventive programme, diagnostic casts were fabricated to determine the available space for restorative materials. Endodontic treatment was necessary to provide adequate space and was performed with calcium hydroxide (Vitapex, Neo Dental International). Subsequently, the clinical crowns were domed leaving 2-3 mm above the gingival level, whereas the root canals were filled with amalgam up to 3mm in the canal (Fig. 2b) .
New maxillary and mandibular diagnostic impressions were made using alginate (BluePrint X-creme, Dentsply International) and custom trays were fabricated using light-activated acrylic resin (Triad TruTray, Dentsply International). Final impressions were made using green stick modelling plastic (Impression compound, Kerr) and medium body VPS material (Aquasil Monophase, Dentsply Caulk). Record bases with wax rims were fabricated on the master casts and tried intraorally. The master casts were mounted on a semi-adjustable articulator with the use of facebow and centric relation records.
The setting-up of acrylic denture teeth (VITAPAN, Vita) was completed and the mandibular and maxillary ODs were processed in thermally activated acrylic resin (Lucitone 199, Dentsply International). After processing, a laboratory remounting procedure was performed to evaluate and refine the occlusion and the ODs were polished. The ODs were inserted and adjustments were made accordingly, using pressure indicating paste (PIP, Mizzy) (Fig. 2c) . The patient was seen again for 24 hrs and 1 week post-insertion follow-ups. Minor adjustments were made and prostheses' 7 maintenance and oral hygiene instructions were emphasised. Recall schedule was set with the patient's mother at 3-month intervals.
Follow-up
During the follow-up visits the patient's mother reported significant improvement in the patient's appearance, mastication, and social behaviour as a result of the prosthetic rehabilitation. The patient has been further followed up for 2 years for adjustments of the ODs and preventive application of fluoride varnish on the abutment teeth.
DISCUSSION
Treating the paediatric patient with ED is a challenging task. It has been stated that the clinician managing these patients should, not only be knowledgeable in the various restorative and prosthodontic techniques, but also in the growth and development and behavioural management of these patients (Nowak 1988) . In a well calibrated inter-disciplinary team these characteristics do not need to exist in a specific individual but collaboratively between and within the members of the team.
In the cases presented herein, successful treatment was achieved by following a simple algorithm that guided the treatment decision making process (Fig. 3) . In this algorithm the factors taken into consideration include: presence of posterior natural teeth, facial aesthetics and lip support, number and size of existing natural teeth and occlusal vertical dimension.
A RPD would be the best option if posterior natural teeth are present such as in case 1 (Rockman et al. 2007) . If the existing teeth are characterised by anatomical and morphological abnormalities, proper contours can be achieved with the use of composite resin restorations and a silicon matrix as described in case 1 and other reports (Sakai et al. 2006) . This is an easy clinical procedure and preparation of the teeth prior to bonding may not be necessary (Khazaie et al. 2010 ).
Pretreatment extraoral aesthetic evaluation of the patient is very critical. These patients are frequently characterised by inadequate facial aesthetics due to improper lip support and the use of an OD may be a more appropriate treatment option because the presence of the anterior denture flange can provide an improved aesthetic result (Bidra et al. 2010 ).
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The presence of substantially hypoplastic or partially erupted teeth does not favour bonded composite restorations. The utilization of an OD instead could be a more feasible option (Aydinbelge et al. 2013 ). In addition, inadequate occlusal vertical dimension combined with the absence of posterior teeth should guide towards the use of an OD, such as in case 2 (Pae et al. 2011 ). Any treatment approach involving an OD will often require endodontic treatment of the existing teeth and crown reduction as described in case 2, or placement of an extra-coronal coping (Shigli et al. 2005; Bidra et al. 2010; Pae et al. 2011) . If the proposed occlusal vertical dimension or the size of the existing teeth provides adequate space for restorative materials, the teeth could be left unmodified.
It should be generally understood that this algorithm is a simplified tool and should be used with caution, since it will cover most but not all the ED patients. The final decision should be made on a case-by-case basis and based on each patient's individualised needs.
The careful follow-up of ED patients after removable prosthodontic rehabilitation is extremely important to ensure a successful treatment outcome and to avoid complications. Problems associated with anatomic and morphological abnormalities of existing teeth and atrophic alveolar ridges may result in poor retention and stability of the prostheses. Progressive alveolar bone resorption is another issue, since the edentulous ridge is loaded at an early age. Furthermore, satisfactory oral hygiene could be much more difficult. As a result, periodontal/soft tissue complications and increased caries rates may further compromise the prosthetic outcome (Pigno et al. 1996; Hickey and Vergo 2001; Bidra et al. 2010) .
Education of the patient and the patient's parents regarding possible problems and maintenance of any prosthesis is mandatory. Periodic recalls should be employed. Both presented cases were followed-up for more than two years for application of the preventive programme and adjustments of their prostheses to address changes in occlusion and fit, related to each patient's growth. A broad guideline recommends relining/rebasing intraoral prostheses in a growing patient every 2-4 years and remaking a new prosthesis after 4-6 years (Vergo 2001) .
Alternative treatment approaches not covered by the proposed algorithm may include the use of a combined RPD/OD prosthesis (Della Valle et al. 2004) , magnets (Rockman et al. 2007) , ODs with windows to accommodate erupting posterior teeth (Bonilla et al. 1997; Dall'Oca et al. 2008 ) and dental implants. A heightened interest for the use of osseointegrated dental implants in the growing ED population is noted in the literature (Guckes et al. 1991; Vergo 2001; Kramer et al. 2007; Rockman et al. 2007; Klineberg et al. 2013 ). However, they cannot follow the alveolar bone growth and can become ankylosed and potentially buried (Guckes et al. 1991; Kearns et al. 1999 ). Therefore, implants are indicated only in the anterior mandible of ED patients that are older than 12 years and exhibit anodontia (NFED 2003) . Provisional implants provide an alternative option, because they do not osseointegrate, they are retrievable, and do not interfere with the growing bone (Artopoulou et al. 2009 ).
CONCLUSION
The main factors guiding the decision process towards the choice of a RPD or an OD in ED patients are the presence of posterior natural teeth, facial aesthetics, lip support, number and size of existing natural teeth, and the occlusal vertical dimension. 
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